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SEMICONDUCTOR MEMORY APPARATUS

CROSS-REFERENCES TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C.
§119(a) to Korean application number 10-2014-0113435,
filed on Aug. 28, 2014 in the Korean Intellectual Property
Office, which is incorporated herein by reference in its
entirety as set forth in full.

BACKGROUND

1. Technical Field

Various embodiments generally relate to a semiconductor
apparatus, and more particularly, to a program operation of a
semiconductor memory apparatus.

2. Related Art

DRAM (Dynamic Random Access Memory) is used
mainly as a memory of an electronic device since it promptly
accesses a target memory cell and makes it easier to store and
readout data. However, a capacitor included in the DRAM
cell has a leakage characteristic. The DRAM is a volatile
memory, and loses stored data when the power supply is
cut-off.

To overcome the weaknesses of the DRAM, a non-volatile
memory device may be used instead to keep stored data even
when the power supply is cut-off. Examples of the non-
volatile memory device are a flash memory, a phase change
random access memory (PCRAM), a resistive random access
memory (ReRAM), a ferroelectric random access memory
(FeRAM), a magnetic random access memory (MRAM), and
a Spin Transtfer Torque random access memory (STTRAM).
A memory cell of the non-volatile semiconductor memory
apparatus has a non-volatility characteristic by keeping
stored data even when the power supply is cut-off.

An operation of storing data into the memory cell of the
non-volatile semiconductor memory apparatus is generally
referred to as a write operation or a program operation. A
verification read operation is performed in the non-volatile
semiconductor memory apparatus for verifying whether an
intended data is stored in the memory cell. According to the
result of the verification read operation, the write operation or
the program operation is finished or performed again. Com-
pared with the DRAM, the repetition of the program opera-
tion and the verification read operation for storing data
degrades the overall operation speed of the non-volatile semi-
conductor memory apparatus.

SUMMARY

In an embodiment, a semiconductor memory apparatus
may include a write driver configured to write an input data
into a memory cell in response to a write signal, and a data
sensing section configured to generate a comparison flag
signal by comparing an output data outputted from the
memory cell with a reference voltage in response to a verifi-
cation read signal. The semiconductor memory apparatus
may include a programming control section configured to
generate the write signal for an initial write operation and the
verification read signal in response to a write command, and
generate the write signal for a following write operation as
soon as the comparison flag signal is at a predetermined level.

In an embodiment, a semiconductor memory apparatus
may include a write driver configured to write an input data
into a memory cell in response to a write signal, and a data
sensing section configured to generate a comparison flag
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signal by comparing an output data outputted from the
memory cell with a reference voltage in response to a verifi-
cation read signal. The semiconductor memory apparatus
may include a programming control section configured to
generate the write signal for an initial write operation and the
verification read signal in response to a write command, and
generate the write signal for a following write operation as
soon as the comparison flag signal is at a predetermined level.
The programming control section may adjust pulse duration
of the write signal based on the time for generation of the
comparison flag signal.

In an embodiment, a semiconductor memory apparatus
may include a memory cell and may be configured to write an
input data into the memory cell in response to receiving a
write command and generating a write signal, and may gen-
erate a following write signal as soon as a comparison flag
signal is at a predetermined level after comparing an output
data outputted from the memory cell with a reference voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a representation of a
semiconductor apparatus in accordance with an embodiment.

FIG. 2 is a circuit diagram illustrating a representation of a
data sensing section illustrated in FIG. 1.

FIG. 3 is a graph illustrating a representation of a voltage
distribution of a output data and a reference voltage according
to resistance value of a memory cell included in a semicon-
ductor apparatus.

FIG. 4 is a block diagram illustrating a representation of a
programming control section illustrated in FIG. 1.

FIG. 5 is a block diagram illustrating a representation of an
initial write pulse generation unit illustrated in FIG. 4.

FIG. 6 is a block diagram illustrating a representation of a
write signal generation unit illustrated in FIG. 4.

FIG. 7 is a block diagram illustrating a representation of a
verification read control unit illustrated in FIG. 4.

FIG. 8 is a block diagram illustrating a representation of a
verification read signal generation unit illustrated in FIG. 4.

FIG. 9 is a timing diagram illustrating a representation of
an operation of a semiconductor memory apparatus in accor-
dance with an embodiment.

FIG. 10 is an operation time sequence illustrating a repre-
sentation of an operation of a semiconductor memory appa-
ratus in accordance with an embodiment.

FIG. 11 is an operation time sequence illustrating a repre-
sentation of an operation of a semiconductor memory appa-
ratus in accordance with an embodiment.

FIG. 12 is a circuit diagram illustrating a representation of
a programming control section illustrated in FIG. 1.

FIG. 13 is ablock diagram illustrating a representation of a
write signal generation unit illustrated in FIG. 12.

FIG. 14 is ablock diagram illustrating a representation of a
verification read signal generation unit illustrated in FIG. 12.

FIG. 15 illustrates a block diagram of an example of a
representation of a system employing the semiconductor
memory apparatus in accordance with the embodiments dis-
cussed above with relation to FIGS. 1-14.

DETAILED DESCRIPTION

Hereinafter, a various embodiments of semiconductor
apparatuses will be described below with reference to the
accompanying drawings.

Various embodiments may be provided for a semiconduc-
tor memory apparatus capable of performing a following
program operation as soon as the verification read operation
finishes.
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Further, various embodiments may be provided to a semi-
conductor memory apparatus capable of adjusting an opera-
tion time of a following write operation based on an operation
time of a verification read operation.

Referring to FIG. 1, the semiconductor memory apparatus
1 in accordance with an embodiment ofthe present disclosure
may include a memory cell 110, a write driver 120, and a data
sensing section 130. The semiconductor memory apparatus 1
may include a programming control section 140. The semi-
conductor memory apparatus 1 may be a non-volatile
memory apparatus. The memory cell 110 may be a memory
device for storing data, and a non-volatile memory cell. The
memory cell 110 may be one of at least a flash memory cell,
a PCRAM cell, a ReRAM cell, a FeRAM cell, a MRAM cell,
and a STTRAM cell, which do not limit the scope of the
present disclosure. The memory cell 110 may be accessed
when a particular bit line and a particular word line is
selected. The memory cell 110 may be a transistor serially
coupled to each column switch and row switch. When a
particular bit line BL and a particular word line WL is elec-
trically coupled to the memory cell 110, the column switch
and the row switch are turned on and the memory cell 110
may be electrically coupled to the write driver 120 or the data
sensing section 130. Although not illustrated in FIG. 1, the
semiconductor memory apparatus 1 may include a memory
array comprising a plurality of memory cells, a plurality of bit
lines, and a plurality of word lines. The memory cell 110 may
be electrically coupled to a ground voltage VSS terminal.

The write driver 120 may write an input data DIN into the
memory cell 110 in response to a write signal WT. The write
driver 120 may include a latch for receiving and storing the
input data DIN included in write operations. The write opera-
tions may be performed numerous amounts of times.

The data sensing section 130 may read data stored in the
memory cell 110 in response to a verification read signal
VRD. The data sensing section 130 may generate a compari-
son flag signal COMPF by differentially amplifying a refer-
ence voltage VREF and data stored in the memory cell 110. A
level of the reference voltage VREF may vary according to a
level of the data stored in the memory cell 110. This concept
of a level of the reference voltage VREF potentially varying
according to the level of data stored in the memory cell 110
will be described later.

The data sensing section 130 may include a sense amplifier
131 and a sensing completion detection unit 132. The sense
amplifier 131 may generate output signals OUT and OUTB.
The output signals OUT and OUTB may be generated by
differentially amplifying the reference voltage VREF and the
data stored in the memory cell 110 in response to the verifi-
cation read signal VRD. The data stored in the memory cell
110 may be outputted to the sense amplifier 131 as output data
DOUT. The output data DOUT may be one of voltage and
current varying according to the resistance value of the
memory cell 110, and may have a voltage level corresponding
to the data stored in the memory cell 110. The output signals
OUT and OUTB may be outputted as a couple of signals. The
sensing completion detection unit 132 may generate the com-
parison flag signal COMPF. The comparison flag signal
COMPF may be generated by detecting a change in the level
of the output signals OUT and OUTB. The sensing comple-
tion detection unit 132 may enable the comparison flag signal
COMPF as soon as the sensing completion detection unit 132
detects the level change of the output signals OUT and
OUTB. When the sense amplifier 131 detects the level difter-
ence between the output data DOUT and the reference volt-
age VREF, the level of the output signals OUT and OUTB
may be changed and the sensing completion detection unit
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132 may enable the comparison flag signal COMPF as soon
as sensing completion detection unit 132 detects the level
change of the output signals OUT and OUTB.

The semiconductor memory apparatus 1 may perform the
programming operation to write data into the memory cell
110. The write operation and the verification read operation
may be alternately performed for the programming operation.
For example, when the semiconductor memory apparatus 1
writes data at a particular level into the memory cell 110, the
semiconductor memory apparatus 1 may perform a first write
operation for writing the data at the particular level into the
memory cell 110 through the write driver 120. When the first
write operation is completed, the semiconductor memory
apparatus 1 may perform a first verification read operation.
Performing the first verification read operation includes the
data sensing section 130 reading the data stored in the
memory cell 110 and determining whether or not the output
data DOUT corresponds to the input data DIN. When the
output data DOUT does not correspond to the input data DIN,
the semiconductor memory apparatus 1 may perform a sec-
ond write operation. The semiconductor memory apparatus 1
may perform a second verification read operation when the
second write operation is completed. The semiconductor
memory apparatus 1 may repeatedly perform the write opera-
tion and the verification read operation until the data sensing
section 130 determines that the output data DOUT corre-
sponds to the input data DIN or substantially corresponds to
the input data DIN. When the output data DOUT substantially
corresponds to the input data DIN, the semiconductor
memory apparatus 1 may finish the programming operation
for storing the data at the particular level into the memory cell
110.

The programming control section 140 may generate the
write signal WT for the initial write operation in response to
a write command WTCOM. Also, the programming control
section 140 may generate the verification read signal VRD.
The programming control section 140 may enable the verifi-
cation read signal VRD in response to disablement of the
write signal WT. The programming control section 140 may
generate the write signal WT for a following write operation
in response to the comparison flag signal COMPF. The pro-
gramming control section 140 may generate the write signal
WT for the following write operation as soon as the compari-
son flag signal COMPF is enabled. The time for completion
of'the verification read operation and the time delay which the
following write operation is started after the completion of the
verification read operation may be reduced since the pro-
gramming control section 140 generates the write signal WT
for the following write operation as soon as the comparison
flag signal COMPF is enabled.

FIG. 2 is a circuit diagram illustrating a representation of
the data sensing section 130 illustrated in FIG. 1. Referring to
FIG. 2, the sense amplifier 131 may include a differential
amplifier. The sense amplifier 131 may include first to third
transistors 201 to 205. The gate of the first transistor 201 may
receive the verification read signal VRD. The gate of the
second transistor 203 may receive the output data DOUT. The
gate of the third transistor 205 may receive the reference
voltage VREF. The first transistor 201 may be turned on and
may form a current path for the differential amplifier when the
verification read signal VRD is enabled. The voltage levels of
the drains of the second and third transistors 203 and 205 may
change, relatively, according to the levels of the output data
DOUT and the reference voltage VREF. For example, when
the level of the output data DOUT is higher than the level of
the reference voltage VREF, the voltage level of the drain of
the second transistor 203 may be relatively lower than the
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voltage level of the drain of the third transistor 205 and the
second and third transistors 203 and 205 may output the
output signal OUTB having a low level and the output signal
OUT having a high level, respectively. When the level of the
output data DOUT is lower than the level of the reference
voltage VREF, the voltage level of the drain of the second
transistor 203 may be relatively higher than the voltage level
of'the drain of the third transistor 205 and the second and third
transistors 203 and 205 may output the output signal OUTB
having a high level and the output signal OUT having a low
level, respectively. Time required for the level changes of the
output signals OUT and OUTB may depend on the degree of
turn-on of the second and third transistors 203 and 205. That
is, the levels of the output signals OUT and OUTB may
change promptly as the level difference between the output
data DOUT and the reference voltage VREF becomes greater,
and may change slowly as the level difference between the
output data DOUT and the reference voltage VREF becomes
smaller.

Referring to FIG. 2, sensing completion detection unit 132
may include, for example but not limited to, an exclusive OR
gate 207. The exclusive OR gate 207 may receive the output
signals OUT and OUTB and may generate the comparison
flag signal COMPF. The sensing completion detection unit
132 may enable the comparison flag signal COMPF when the
levels of the output signals OUT and OUTB are different from
each other. The comparison flag signal COMPF may be
enabled relatively promptly when the level difference
between the output data DOUT and the reference voltage
VREEF is great, and may be enabled relatively slowly as the
level difference between the output data DOUT and the ref-
erence voltage VREF is small. A voltage supply VDD termi-
nal may be coupled to both the second transistor 203 and the
third transistor 205 as illustrated in FIG. 2. A first resistor R1
may be coupled between the voltage supply VDD terminal
and the second transistor 203 as illustrated in FIG. 2. A second
resistor R2 may be coupled between the voltage supply VDD
terminal and the third transistor 205 as illustrated in FIG. 2.

FIG. 3 is a graph illustrating a representation of a voltage
distribution of the output data DOUT and the reference volt-
age VREF according to resistance value of the memory cell
110. Referring to FIG. 3, the x-axis represents a voltage level
v, and the distribution represents the voltage levels of the
output data DOUT according to the resistance value of the
memory cell 110. The memory cell 110 may be a multi-level
cell capable of storing multi-level data. The memory cell 110
having data ‘0, 0’ may have the lowest voltage distribution,
the memory cell 110 having data ‘1, 1° may have the highest
voltage distribution. When data 0, 1” is written to the memory
cell 110 through the write operation, the verification read
operation may be performed using the reference voltage
VREF having the voltage level falling in the voltage distribu-
tion of the memory cell 110 having data ‘0, 1°. Therefore, the
voltage level of the reference voltage VREF, which is used for
the verification read operation, may vary according to the
input data DIN stored in the memory cell 110 through the
write operation.

When the voltage level of the memory cell 110 through the
first write operation is ‘A’ illustrated in FIG. 3, the level
difference between the output data DOUT and the reference
voltage VREF may be great and the comparison flag signal
COMPF may be promptly enabled through the verification
read operation. As soon as the comparison flag signal
COMPF is enabled, the programming control section 140
may generate the write signal WT for the second write opera-
tion and the write driver 120 may write the data ‘0, 1” into the
memory cell 110 again. When the level difference between
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the output data DOUT and the reference voltage VREF is
great, it may be promptly determined that the data written into
the memory cell 110 is not the same as the input data DIN or
a target level. Therefore, the programming control section
140 may allow the second write operation to be performed
promptly after the completion of the first verification read
operation.

When the voltage level of the memory cell 110 through the
second write operation is ‘B’ illustrated in FIG. 3, the level
difference between the output data DOUT and the reference
voltage VREF may be less than the level difference between
the output data DOUT and the reference voltage VREF
according to the first write operation. After completion of the
second verification read operation and a third write operation,
the voltage level of the memory cell 110 may be ‘C’illustrated
in FIG. 3. When it is determined through a third verification
read operation that the output data DOUT reaches a target
level, the programming operation for storing the data ‘0, 1’
into the memory cell 110 may be completed. As such, in
accordance with an embodiment of the present disclosure, the
semiconductor memory apparatus 1 may reduce the overall
operation time for the programming operation by promptly
performing the verification read operation and the following
write operation when data stored in the memory cell 110
through the write operation is not the same as intended.

FIG. 4 is a block diagram illustrating the programming
control section 140 illustrated in FIG. 1. Referring to FIG. 4,
the programming control section 140 may include an initial
write pulse generation unit 410, a write signal generation unit
420, and a verification read control unit 430. The program-
ming control section 140 may include a verification read
signal generation unit 440. The initial write pulse generation
unit 410 may generate an initial write pulse WTINT. The
initial write pulse WTINT may be generated in response to
the write command WTCOM and an internal clock signal
ICLK. The write command WTCOM may be inputted from a
device external to the semiconductor memory apparatus 1.
For example, the write command WTCOM may be inputted
from an external device for the programming operation of the
semiconductor memory apparatus 1. The external device may
be a host device of the semiconductor memory apparatus 1,
and may be one or more of a processor, a memory controller,
a test device, and so forth. The internal clock ICLK may be
generated on the basis of a clock signal transmitted from the
external device. For example, the internal clock signal ICLK
may be generated by buffering or dividing the clock signal
transmitted from the external device.

The write signal generation unit 420 may generate the
write signal WT in response to the initial write pulse WTINT,
the input data DIN, the output data DOUT, and the verifica-
tion read signal VRD. The write signal generation unit 420
may generate the write signal WT for the first write operation
based on the initial write pulse WTINT. The write signal
generation unit 420 may generate the write signal WT for the
second write operation when the verification read signal VRD
is disabled. At this time, the write signal generation unit 420
may determine to generate the write signal WT based on the
input data DIN and the output data DOUT. In other words, the
write signal generation unit 420 may not generate the write
signal WT for the following write operation when the input
data DIN is the same as the output data DOUT, which is the
result of the verification read operation. The write signal
generation unit 420 may generate the write signal WT for the
following write operation when the input data DIN is not the
same as the output data DOUT, which is the result of the
verification read operation.
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The verification read control unit 430 may generate a veri-
fication read termination signal VRDOFF in response to the
write signal WT and the comparison flag signal COMPF. The
verification read control unit 430 may disable the verification
read termination signal VRDOFF when the write signal WT is
disabled. The verification read control unit 430 may enable
the verification read termination signal VRDOFF when the
comparison flag signal COMPF is enabled.

The verification read signal generation unit 440 may gen-
erate the verification read signal VRD in response to the initial
write pulse WTINT and the verification read termination
signal VRDOFF. The verification read signal generation unit
440 may disable the verification read signal VRD when the
initial write pulse WTINT is enabled, and may enable the
verification read signal VRD when the initial write pulse
WTINT is disabled. The verification read signal generation
unit 440 may enable the verification read signal VRD when
the verification read termination signal VRDOFF is disabled.
The verification read signal generation unit 440 may disable
the verification read signal VRD when the verification read
termination signal VRDOFF is enabled.

FIG.5is ablock diagram illustrating a representation of the
initial write pulse generation unit 410 illustrated in FIG. 4.
Referring to FIG. 5, the initial write pulse generation unit 410
may include a logic gate and a pulse generator 503. The logic
gate may be for example but not limited to an AND gate 501.
The AND gate 501 may receive the internal clock signal
ICLK and the write command WTCOM. The pulse generator
503 may generate the initial write pulse WTINT based on an
output of the AND gate 501. When the write command
WTCOM has a high level during the internal clock signal
ICLK having a high level, the AND gate 501 may output a
signal having a high level and the pulse generator 503 may
generate the initial write pulse WTINT having a pulse with a
high level as enabled.

FIG. 6is ablock diagram illustrating a representation of the
write signal generation unit 420 illustrated in FIG. 4. Refer-
ring to FIG. 6, the write signal generation unit 420 may
include a write enable pulse generation part 610 and a write
signal output part 620. The write enable pulse generation part
610 may include a plurality of pulse generators 611, 615, and
617. The write enable pulse generation part 610 may include
a SR latch 613, and a logic gate. The logic gate may be for
example but not limited to an OR gate 619. The first pulse
generator 611 may receive the verification read signal VRD,
and generate a pulse having a low level as enabled when the
verification read signal VRD is disabled. When an output of
the first pulse generator 611 is enabled, the SR latch 613 may
output a signal having a high level and the second pulse
generator 615 may generate a next write pulse WINEX hav-
ing a high level as enabled from an output of the SR latch 613.
The next write pulse WINEX may be inputted to the third
pulse generator 617, and the third pulse generator 617 may
generate a pulse signal having a low level as enabled. The SR
latch 613 may receive an output of the third pulse generator
617, and generate a signal having a low level. The OR gate
619 may receive the initial write pulse WTINT and the next
write pulse WINEX, and may output a write enable pulse
WTEN. The OR gate 619 may generate the write enable pulse
WTEN for the initial write operation based on the initial write
pulse WTINT. The OR gate 619 may generate the write
enable pulse WTEN for the following write operation based
on the next write pulse WINEX, which is generated in
response to the verification read signal VRD.

The write signal output part 620 may generate the write
signal WT. The write signal WT may be generated in response
to the write enable pulse WTEN, the input data DIN, and the
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output data DOUT. The write signal output part 620 may
include a data comparator 621 and a signal combiner 622. The
data comparator 621 may compare the input data DIN with
the output data DOUT. The signal combiner 622 may output
the write enable pulse WTEN as the write signal WT based on
a comparison result of the data comparator 621.

The data comparator 621 may include a logic gate. For
example, the data comparator 621 may include an EXCLU-
SIVE OR gate. The EXCLUSIVE OR gate may output a
signal having a high level as enabled when the levels of the
input data DIN and the output data DOUT are different to
each other. The signal combiner 621 may include a logic gate.
For example, the signal combiner 621 may include an AND
gate. The AND gate may output the write signal WT by
receiving an output of the data comparator 621 and the write
enable pulse WTEN.

FIG. 7is ablock diagram illustrating a representation of the
verification read control unit 430 illustrated in FIG. 4. Refer-
ring to FIG. 7, the verification read control unit 430 may
include an inverter 701, a pulse generator 703, and a SR latch
705. The inverter 701 may invert the comparison flag signal
COMPF. The pulse generator 703 may receive the write sig-
nal WT, and may generate a pulse having a low level as
enabled when the write signal WT is disabled. The SR latch
705 may high-enable the verification read termination signal
VRDOFF by receiving an output of the inverter 701 when the
comparison flag signal COMPF is enabled. The SR latch 705
may low-disable the verification read termination signal
VRDOFF when the output of the pulse generator 703 has low
level as enabled.

FIG. 8is ablock diagram illustrating a representation of the
verification read signal generation unit 440 illustrated in FI1G.
4. Referring to FIG. 8, the verification read signal generation
unit 440 may include a plurality of pulse generators 801, 803,
and 809. The verification read signal generation unit 440 may
include a plurality of logic gates, for example but not limited
to OR gates 805 and 811. The verification read signal genera-
tion unit 440 may include a SR latch 807. The first pulse
generator 801 may receive the initial write pulse WTINT, and
may generate a pulse enabled when the initial write pulse
WTINT is disabled. The second pulse generator 803 may
receive the verification read termination signal VRDOFF, and
may generate a pulse enabled when the verification read
termination signal VRDOFF is disabled. The first OR gate
805 may generate a set pulse SET by receiving outputs of the
first pulse generator 801 and the second pulse generator 803.
The SR latch 807 may high-enable the verification read signal
VRD in response to an output of the first OR gate 805.
Therefore, the verification read signal generation unit 440
may generate the set pulse SET and enable the verification
read signal VRD when the initial write pulse WTINT is dis-
abled or the verification read termination signal VRDOFF is
disabled. The third pulse generator 809 may receive the veri-
fication read termination signal VRDOFF, and may generate
apulse enabled when the verification read termination signal
VRDOFF is enabled. The second OR gate 811 may receive an
output of the third pulse generator 809 and the initial write
pulse WTINT. The SR latch 807 may low-disable the verifi-
cation read signal VRD in response to an output of the second
OR gate 811. Therefore, the verification read signal genera-
tion unit 440 may generate a reset pulse RESET and disable
the verification read signal VRD when the initial write pulse
WTINT is enabled or the verification read termination signal
VRDOEFF is enabled.

FIG. 9 is a timing diagram illustrating a representation of
an operation of the semiconductor memory apparatus 1 in
accordance with an embodiment of the present disclosure.



US 9,368,171 B2

9

The operation of the semiconductor memory apparatus 1 in
accordance with an embodiment of the present disclosure will
be described as follows with reference to FIGS. 1 to 9. When
the write command WTCOM is inputted for the program
operation of the semiconductor memory apparatus 1, the ini-
tial write pulse WTINT may be generated on the basis of the
internal clock signal ICLK. In response to the initial write
pulse WTINT, the write signal generation unit 420 may
enable the write signal WT for the initial write operation and
the write driver 120 may write the input data DIN into the
memory cell 110. When the write signal WT is disabled, the
verification read signal generation unit 440 may enable the
verification read signal VRD. When the verification read sig-
nal VRD is enabled, the data sensing section 130 may gener-
ate the comparison flag signal COMPF by comparing the
output data DOUT with the reference voltage VREF. At this
time, as described with reference to FIG. 3, when the voltage
level difference between the reference voltage VREF and the
data stored in the memory cell 110 is great (i.e., case of “A”
shown in FIG. 3), the comparison flag signal COMPF may be
promptly enabled through the verification read operation.
When the comparison flag signal COMPF is enabled, the
verification read control unit 430 may enable the verification
read termination signal VRDOFF. When the verification read
termination signal VRDOFF is enabled, the reset pulse
RESET may be enabled and the verification read signal VRD
may be disabled. When the verification read signal VRD is
disabled, the write enable pulse generation part 610 of the
write signal generation unit 420 may enable the write enable
pulse WTEN based on the next write pulse WINEX and the
write signal output part 620 may enable the write signal WT.

When the write signal WT is enabled, the second write
operation may be performed. The write driver 120 may write
the input data DIN into the memory cell 110 inresponse to the
write signal WT. When the write signal WT for the second
write operation is disabled, the verification read control unit
430 may disable the verification read termination signal
VRDOFF and the set pulse SET may be enabled. When the set
pulse SET is enabled, the verification read signal generation
unit 440 may enable the verification read signal VRD and the
semiconductor memory apparatus 1 may perform the second
verification read operation through the data sensing section
130. As described above, the write and verification read
operations may be repeatedly performed until the input data
DIN written into the memory cell 110 and the output data
DOUT readout from the memory cell 110 are substantially
the same as each other, and the program operation for writing
the input data DIN into the memory cell 110 may be com-
pleted when the input data DIN written into the memory cell
110 and the output data DOUT readout from the memory cell
110 are substantially the same as each other.

FIG. 10 is an operation time sequence illustrating a repre-
sentation of an operation of the semiconductor memory appa-
ratus 1 in accordance with an embodiment of the present
disclosure. Referring to FIG. 10, a first write operation WT1
may be performed and then a first verification read operation
VRD1 may be performed. At this time, the data sensing
section 130 may promptly enable the comparison flag signal
COMPFE, the first verification read operation VRD1 may be
promptly ended, and a second write operation W12 may be
performed as soon as the first verification read operation
VRD1 is ended when the difference between the voltage level
corresponding to data to be written into the memory cell 110
and the voltage level corresponding to data readout from the
memory cell 110 is great. Data may be re-written into the
memory cell 110 through second and third write operations
WT2 and WT3. As data is re-written into the memory cell
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110, difference between the voltage level corresponding to
data to be written into the memory cell 110 and the voltage
level corresponding to data readout from the memory cell 110
may be reduced and thus the time required for second and
third verification read operations VRD2 and VRD3 may be
longer than the time required for the first verification read
operation VRD1. The semiconductor memory apparatus 1 in
accordance with an embodiment of the present disclosure
may promptly end the verification read operation and
promptly perform the following write operation when the
difference between the voltage level corresponding to data to
be written into the memory cell 110 and the voltage level
corresponding to data readout from the memory cell 110 are
great, thereby reducing the overall operation time for the
programming operation for writing a particular data into the
memory cell.

FIG. 11 is an operation time sequence illustrating a repre-
sentation of an operation of the semiconductor memory appa-
ratus 1 in accordance with an embodiment of the present
disclosure. Referring to FIG. 11, when the first verification
read operation VRD1 is promptly completed, the time
required for the second verification read operation VRD2
may increase. In this example, an accurate and stable write
operation may be performed by securing time for writing data
into the memory cell. The semiconductor memory apparatus
1 may increase the time required for the following write
operation as the time required for the verification read opera-
tion becomes shorter. Therefore, even though overall pro-
gramming operation time required for writing a particular
data into the memory cell may be longer than the case illus-
trated in FIG. 10, a number of additional write operations and
verification read operations may be minimized since data
may be accurately and stably written into the memory cell.

FIG. 12 is a circuit diagram illustrating a representation of
the programming control section 140 illustrated in FIG. 1.
The programming control section 140 may control the semi-
conductor memory apparatus 1 to perform the programming
operation described above with reference to FIG. 11. Refer-
ring to FIG. 12, the programming control section 140 may
include an initial write signal control unit 1210, a write signal
generation unit 1220, and a verification read signal generation
unit 1230. The initial write signal control unit 1210 may be
substantially the same as the initial write pulse generation
unit 410 described above with reference to FIG. 4, and may
generate the initial write pulse WTINT in response to the
write command WTCOM and the internal clock signal ICLK.

The write signal generation unit 1220 may generate the
write signal WT in response to the initial write pulse WTINT,
the verification read signal VRD, the comparison flag signal
COMPF, and the internal clock signal ICLK. The write signal
generation unit 1220 may generate the write signal WT for the
first write operation based on the initial write pulse WTINT.
The write signal generation unit 1220 may generate the write
signal WT for the second write operation when the verifica-
tion read signal VRD, which is generated by the verification
read signal generation unit 1230, is disabled. At this time, the
write signal generation unit 1220 may adjust the pulse dura-
tion of the write signal WT according to the operation time for
the verification read operation. In other words, the write sig-
nal generation unit 1220 may adjust the pulse duration of the
write signal WT according to the time consumed until the
generation of the comparison flag signal COMPF. The write
signal generation unit 1220 may count the internal clock
signal ICLK from the enablement of the verification read
signal VRD to the enablement of the comparison flag signal
COMPF, and may adjust the pulse duration of the write signal
WT based on result of the count.
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The verification read signal generation unit 1230 may gen-
erate the verification read signal VRD. The verification read
signal VRD may be generated in response to the write signal
WT and the comparison flag signal COMPF. The verification
read signal generation unit 1230 may enable the verification
read signal VRD when the write signal WT is disabled. The
verification read signal generation unit 1230 may disable the
verification read signal VRD when the comparison flag signal
COMPF is enabled.

FIG. 13 is a block diagram illustrating a representation of
the write signal generation unit 1220 illustrated in FIG. 12.
Referring to FIG. 13, the write signal generation unit 1220
may include a write enable pulse generation part 1310 and a
write signal output part 1320. The write enable pulse genera-
tion part 1310 may include logic gates. For example, the write
enable pulse generation part 1310 may include an EXCLU-
SIVE OR gate 1311, an AND gate 1312, and an OR gate 1316.
The write enable pulse generation part 1310 may include a
counter 1313, a decoder 1314, and a variable pulse generator
1315. The EXCLUSIVE OR gate 1311 may receive the veri-
fication read signal VRD and the comparison flag signal
COMPF. The EXCLUSIVE OR gate 1311 may generate an
output signal having a high level when the levels of the
verification read signal VRD and the comparison flag signal
COMPF are different from each other. The AND gate 1312
may receive the verification read signal VRD and an output of
the EXCLUSIVE OR gate 1311. The EXCLUSIVE OR gate
1311 and the AND gate 1312 may generate signals having a
high level when the verification read signal VRD is enabled.
The EXCLUSIVE OR gate 1311 and the AND gate 1312 may
generate signals having a low level when the comparison flag
signal COMPF is enabled.

The counter 1313 may receive the internal clock signal
ICLK and an output of the AND gate 1312. The counter 1313
may count the internal clock signal ICLK from when the
output of the AND gate 1312 has a high level to when the
output of the AND gate 1312 has a low level. Therefore, the
counter 1313 may count the internal clock signal ICLK from
when the verification read signal VRD is enabled to when the
comparison flag signal COMPYF is enabled. The counter 1313
may count the internal clock signal ICLK in order to count
time from the start of the verification read operation to the
generation of the comparison flag signal COMPF.

The decoder 1314 may decode an output of the counter
1313. According to an output of the decoder 1314, the vari-
able pulse generator 1315 may generate the next write pulse
WTNEX for the following write operation after the first write
operation by selecting a particular pulse duration. The vari-
able pulse generator 1315 may include a lookup table for the
generation of the next write pulse WINEX having the pulse
duration. The pulse duration may vary according to the output
of'the decoder 1314. For example, the variable pulse genera-
tor 1315 may generate the next write pulse WINEX having a
relatively long pulse duration when the time from the start of
the verification read operation to the enablement of the com-
parison flag signal COMPF is relatively short, and may gen-
erate the next write pulse WINEX having a relatively short
pulse duration when the time from the start of the verification
read operation to the enablement of the comparison flag sig-
nal COMPYF is relatively long. The OR gate 1316 may receive
the initial write pulse WTINT and the next write pulse
WTNEX, and may output the write enable pulse WTEN.

The write signal output part 1320 may include a data com-
parator 1321 and a signal combiner 1322. The data compara-
tor 1321 may include a logic gate. For example the data
comparator 1321 may include an EXCLUSIVE OR gate. The
data comparator 1321 may compare the levels of the input
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data DIN and the output data DOUT. The data comparator
1321 may output a signal having a high level when the levels
of'the input data DIN and the output data DOUT are different
to each other. The signal combiner 1321 may include a logic
gate. For example, the signal combiner 1321 may include an
AND gate. The signal combiner 1321 may output the write
signal WT by receiving an output of the data comparator 1321
and the write enable pulse WTEN. The data comparator 1321
and the signal combiner 1322 may generate the write signal
WT from the write enable pulse WTEN only when the levels
of'the input data DIN and the output data DOUT are different
from each other.

FIG. 14 is a block diagram illustrating a representation of
the verification read signal generation unit 1230 illustrated in
FIG. 12. Referring to FIG. 14, the verification read control
unit 1230 may include a plurality of pulse generators 1401
and 1403, and a SR latch 1405. The first pulse generator 1401
may receive the write signal WT. The first pulse generator
1401 may generate a pulse enabled when the write signal WT
is disabled. The second pulse generator 1403 may receive the
comparison flag signal COMPF. The second pulse generator
1403 may generate a pulse enabled when the comparison flag
signal COMPYF is enabled. The SR latch 1405 may enable the
verification read signal VRD when the pulse outputted from
the first pulse generator 1401 is enabled. The SR latch 1405
may disable the verification read signal VRD when the pulse
outputted from the first pulse generator 1403 is enabled.
Therefore, the verification read signal generation unit 1230
may enable the verification read signal VRD until the com-
parison flag signal COMPF is enabled after the write opera-
tion is completed.

The semiconductor memory apparatuses discussed above
(see FIGS. 1-14) are particular useful in the design of memory
devices, processors, and computer systems. For example,
referring to FIG. 15, a block diagram of a system employing
the semiconductor memory apparatuses in accordance with
the embodiments are illustrated and generally designated by
a reference numeral 1000. The system 1000 may include one
or more processors or central processing units (“CPUs”)
1100. The CPU 1100 may be used individually or in combi-
nation with other CPUs. While the CPU 1100 will be referred
to primarily in the singular, it will be understood by those
skilled in the art that a system with any number of physical or
logical CPUs may be implemented.

A chipset 1150 may be operably coupled to the CPU 1100.
The chipset 1150 is a communication pathway for signals
between the CPU 1100 and other components of the system
1000, which may include a memory controller 1200, an input/
output (“I/O”) bus 1250, and a disk drive controller 1300.
Depending on the configuration of the system, any one of a
number of different signals may be transmitted through the
chipset 1150, and those skilled in the art will appreciate that
the routing of the signals throughout the system 1000 can be
readily adjusted without changing the underlying nature of
the system.

As stated above, the memory controller 1200 may be oper-
ably coupled to the chipset 1150. The memory controller
1200 may include at least one semiconductor memory appa-
ratus as discussed above with reference to FIGS. 1-14. Thus,
the memory controller 1200 can receive a request provided
from the CPU 1100, through the chipset 1150. In alternate
embodiments, the memory controller 1200 may be integrated
into the chipset 1150. The memory controller 1200 may be
operably coupled to one or more memory devices 1350. In an
embodiment, the memory devices 1350 may include the at
least one semiconductor memory apparatus as discussed
above with relation to FIGS. 1-14, the memory devices 1350
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may include a plurality of word lines and a plurality of bit
lines for defining a plurality of memory cells. The memory
devices 1350 may be any one of a number of industry standard
memory types, including but not limited to, single inline
memory modules (“SIMMs”) and dual inline memory mod-
ules (“DIMMs”). Further, the memory devices 1350 may
facilitate the safe removal of the external data storage devices
by storing both instructions and data.

The chipset 1150 may also be coupled to the I/O bus 1250.
The I/O bus 1250 may serve as a communication pathway for
signals from the chipset 1150 to 1/O devices 1410, 1420 and
1430. The /O devices 1410, 1420 and 1430 may include a
mouse 1410, a video display 1420, or a keyboard 1430. The
1/0 bus 1250 may employ any one of a number of communi-
cations protocols to communicate with the 1/O devices 1410,
1420, and 1430. Further, the I/O bus 1250 may be integrated
into the chipset 1150.

The disk drive controller 1450 (i.e., internal disk drive)
may also be operably coupled to the chipset 1150. The disk
drive controller 1450 may serve as the communication path-
way between the chipset 1150 and one or more internal disk
drives 1450. The internal disk drive 1450 may facilitate dis-
connection of the external data storage devices by storing
both instructions and data. The disk drive controller 1300 and
the internal disk drives 1450 may communicate with each
other or with the chipset 1150 using virtually any type of
communication protocol, including all of those mentioned
above with regard to the 1/0 bus 1250.

It is important to note that the system 1000 described above
in relation to FIG. 15 is merely one example of a system
employing the semiconductor memory apparatuses as dis-
cussed above with relation to FIGS. 1-14. In alternate
embodiments, such as cellular phones or digital cameras, the
components may differ from the embodiments illustrated in
FIG. 15.

While certain embodiments have been described above, it
will be understood to those skilled in the art that the embodi-
ments described are by way of example only. Accordingly, the
semiconductor memory apparatus should not be limited
based on the described embodiments.

What is claimed is:

1. A semiconductor memory apparatus comprising:

a write driver configured to write an input data into a
memory cell in response to a write signal;

a data sensing section configured to generate a comparison
flag signal by comparing an output data outputted from
the memory cell with a reference voltage in response to
a verification read signal; and

a programming control section configured to generate the
write signal for an initial write operation and the verifi-
cation read signal in response to a write command, and
generate the write signal for a following write operation
as soon as the comparison flag signal is at a predeter-
mined level.

2. The semiconductor memory apparatus of claim 1,

wherein the data sensing section comprises:

asense amplifier configured to generate an output signal by
differentially amplifying the output data and the refer-
ence voltage in response to the verification read signal;
and

a sensing completion detection unit configured to generate
the comparison flag signal by sensing a level change of
the output signal.

3. The semiconductor memory apparatus of claim 1,

wherein the programming control section comprises:
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an initial write pulse generation unit configured to generate
an initial write pulse in response to the write command
and an internal clock signal;

a write signal generation unit configured to generate the
write signal in response to the initial write pulse, the
verification read signal, the input data, and the output
data;

a verification read control unit configured to generate a
verification read termination signal in response to the
write signal and the comparison flag signal; and

a verification read signal generation unit configured to
generate the verification read signal in response to the
initial write pulse and the verification read termination
signal.

4. The semiconductor memory apparatus of claim 3,

wherein the initial write pulse generation unit comprises:

a logic gate for receiving the internal clock signal and the
write command;

a pulse generator for receiving an output of the logic gate
and generating the initial write pulse.

5. The semiconductor memory apparatus of claim 3,

wherein the write signal generation unit comprises:

a write enable pulse generation part configured to generate
a write enable pulse based on a next write pulse and the
initial write pulse; and

a write signal output part configured to generate the write
signal based on the input data, the output data, and the
write enable pulse,

wherein the next write pulse is enabled when the verifica-
tion read signal is disabled.

6. The semiconductor memory apparatus of claim 5,
wherein the write signal output part generates the write signal
based on the write enable pulse when levels of the output data
and the input data are different from each other.

7. The semiconductor memory apparatus of claim 5,
wherein the write signal output part comprises:

a data comparator configured to compare the levels of the

input data and the output data; and

a signal combiner configured to provide the write enable
pulse as the write signal based on a comparison result
generated from the data comparator comparing the lev-
els of the input data with the output data.

8. The semiconductor memory apparatus of claim 3,
wherein the verification read control unit disables the verifi-
cation read termination signal when the write signal is dis-
abled, and enables the verification read termination signal
when the comparison flag signal is at the predetermined level.

9. The semiconductor memory apparatus of claim 8,
wherein the verification read signal generation unit enables
the verification read signal based on disablement of the initial
write pulse and disablement of the verification read termina-
tion signal, and disables the verification read signal based on
enablement of the initial write pulse and enablement of the
verification read termination signal.

10. A semiconductor memory apparatus comprising:

a write driver configured to write an input data into a

memory cell in response to a write signal;

a data sensing section configured to generate a comparison
flag signal by comparing an output data outputted from
the memory cell with a reference voltage in response to
a verification read signal; and

a programming control section configured to generate the
write signal for an initial write operation and the verifi-
cation read signal in response to a write command, and
generate the write signal for a following write operation
as soon as the comparison flag signal is at a predeter-
mined level,



US 9,368,171 B2

15

wherein the programming control section adjusts a pulse
duration of the write signal based on time for generation
of'the comparison flag signal.

11. The semiconductor memory apparatus of claim 10,

wherein the data sensing section comprises:

asense amplifier configured to generate an output signal by
differentially amplifying the output data and the refer-
ence voltage in response to the verification read signal;
and

a sensing completion detection unit configured to generate
the comparison flag signal by sensing a level change of
the output signal.

12. The semiconductor memory apparatus of claim 10,

wherein the programming control section comprises:

an initial write signal control unit configured to generate an
initial write pulse in response to the write command and
an internal clock signal;

a write signal generation unit configured to generate the
write signal in response to the initial write pulse, the
verification read signal, the comparison flag signal, and
the internal clock signal; and

a verification read signal generation unit configured to
generate the verification read signal in response to the
write signal and the comparison flag signal.

13. The semiconductor memory apparatus of claim 12,

wherein the write signal generation unit comprises:

awrite enable pulse generation part configured to generate
a next write pulse having pulse duration varying based
ontime from when the verification read signal is enabled
to when the comparison flag signal is enabled, and gen-
erate a write enable pulse based on the initial write pulse,
and the next write pulse; and

a write signal output part configured to generate the write
signal based on the input data, the output data, and the
write enable pulse.

14. The semiconductor memory apparatus of claim 13,

wherein the write enable pulse generation part comprises:

a counter configured to count time through the internal
clock signal from when the verification read signal is
enabled to when the comparison flag signal is enabled;
and
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a variable pulse generator configured to adjust the pulse
duration of the next write pulse based on an output of the
counter.

15. The semiconductor memory apparatus of claim 14,
wherein the variable pulse generator configured to decrease
the pulse duration of the next write pulse as the time increases,
and increase the pulse duration of the next write pulse as the
time decreases.

16. The semiconductor memory apparatus of claim 12,
wherein the write signal output part generates the write signal
based on the write enable pulse when levels of the output data
and the input data are different from each other.

17. The semiconductor memory apparatus of claim 13,
wherein the write signal output part comprises:

a data comparator configured to compare the levels of the

input data and the output data; and

a signal combiner configured to provide the write enable
pulse as the write signal based on a comparison result
generated from the data comparator comparing the lev-
els of the input data with the output data.

18. The semiconductor memory apparatus of claim 12,
wherein the verification read signal generation unit enables
the verification read signal when the write signal is disabled,
and disables the verification read signal when the comparison
flag signal is at the predetermined level.

19. A semiconductor memory apparatus including a
memory cell and configured to write an input data into the
memory cell in response to receiving a write command and
generating a write signal, and generate a following write
signal as soon as a comparison flag signal is at a predeter-
mined level after comparing an output data outputted from the
memory cell with a reference voltage.

20. The semiconductor memory apparatus of claim 19,
wherein the output data outputted from the memory cell is
compared with the reference voltage in response to enable-
ment of a verification read signal and disablement of the write
signal.



